On May 21, 1979, a local health bureau in Taichung County was inforned by the Hui-Ming School for Blindness that a strange disease, characterized by acnelike skin eruptions, had been occurring with increasing frequency among students and staff since the end of March. Samples of cooking oil, soy sauce and water were collected from the school. Unfortunately, routine toxicologic screening tests for cyanide, phosphorus, heavy metals, aflatoxin, pathogens and organic phosphates did not identify the cause of the disease. Meanwhile, biochemists and clinicians could not clarify the etiology of the disease either. Almost at the same time, 85 of 150 workers from a nearby plastic shoe factory also suffered from the same symptoms and reported to the local health bureau in the beginning of September 1979. Besides acneform eruptions, follicular accentuations, pigmentation of the skin and nails and hypersecretion of the Meibomian gland were found. An extensive epidemiological investigation was soon started in order to find a common agent. Victims in both outbreaks were found to have consumed the same brand of cooking rice oil manufactured by C-Company, purchased from the F-H oil store. The rice oil (C-rice oil) was then highly suspected of causing the disease.
A thorough investigation of C-rice oil was undertaken immediately. Illegal mixing of inedible animal oil or industrial oil to the cooking rice oil by some merchants was suspected, but could not be proved. On September 18, 1979, two more companies in a neighboring township of Taichung County reported that their workers (85 out of 233 and 19 out of 58, respectively) encountered the same problems. Meanwhile, there were cases reported in some other communities and households. All shared a common characteristic of consuming C-rice oil. Despite our endeavors, the etiology of the disease was unclear; the only conclusion we reached at that time was that the disease must The laboratory analysis showed that the C-rice oil from both the Hui-Ming School for Blindness and the F-H Oil Store contained a Kanechlor-400, 500 mixture at concentrations as high as 65 and 108 ppm, respectively. These findings were also confirmed by M. Kuratsune 
Materials and Methods
The PCB victims in this study comprised (1) patients visiting and registering in the local hospitals and local health bureaus in Central Taiwan and (2) self-reported asymptomatic persons having ingested the contaminated C-rice oil.
The clinical severity of the disease was graded 0-IV according to the criteria specified in Table 1 .
Except for the initial samples assayed in Tokyo, determination of PCBs with gas chromatography was done by the Food and Drug Bureau of Department of Health, Executive Yuan, R.O.C. and the Taiwan Plant Protection Center. The gas chromatograph was fitted with an electron capture detector (Ni -ECD) and a glass column (3 mm x 2 mm) packed with Chromosorb WHP (80/100 mesh) coated with 3% OV-1. The temperatures of the inlet, column, and detector were maintained at 230°C, 200°C and 280°C, respectively. For quantitative analysis of PCBs, Ugawa's peak height method (2) and Webb's formula (3) were followed.
The total amount of PCB intake for each person was estimated by using the formula: TCln = Total PCB intake per person where T is the total amount of C-rice oil consumed in each community, C is the concentration of PCBs in each oil sample and n is the number of persons ingesting the oil.
Results
Geographically, the distribution of PCB-poisoned victims covered Taichung, Changhua, Hsinchu and Miaoli counties ( Fig. 1 Figure 2 . The earliest cases occurred at the end of 1978 and were identified by retrospective studies in Changhua County. In both counties, new cases increased steadily to a peak in the first 5 and 8 months, The network of distribution of C-rice oil was investi- The period of ingestion of PCB-contaminated oil, dosage and latent period of the intoxication were investigated in the Hui-Ming School for Blindness, C-Y Fabric Company, I-Y Industrial Company and C-F Plastic Shoe Factory. The period of PCB intake ranged from 3 to 9 months. The estimated average total PCB intake in each person varied from 0.77 to 1.84 g. The average latent period from intake to onset of illness was 3 to 4 months (range: 1.5 to > 6 months) ( Table 5) .
The blood levels of PCBs in 613 patients within the first year of outbreak ranged from 3 ppb to 1156 ppb (1 7). Most (82.54%) of the blood levels ranged from 11 to 150 ppb with a peak frequency in 51 to 100 ppb (44.37%); 169 (27.57%) patients had PCB levels of more than 100 ppb (Table 6 ).
Discussion
Although chloracne has been reported as an occupational disease sporadically (4, 5) , the Japanese Yusho in 1968 was the first recognized outbreak in the world of PCB poisoning via contaminated cooking rice oil. It involved more than 1600 victims, mainly the residents of Fukuoka and Nagasaki Prefectures (6, 7) . Un FIGURE 3. Sources of rice oil consumed by PCB-poisoned patients.
2061 patients, as registered in the Health Department of the Taiwan Provincial Government. Most patients within the first year of the outbreak showed symptoms of mild (grade I: 40.89%) or moderate (grade II: 26.16%) severity. PCBs tended to be retained in adipose tissues and were almost not excreted from body. Many of our patients still suffered from the intoxication after more than 2 years. Hyperpigmentation in babies due to PCB intoxication during pregnancy was also found. Most of the infants affected also had obvious growth retardation.
The earliest cases of PCB intoxication in Taiwan could be traced back to December 1978. The highest frequency of incidence occurred during the period from March to July 1979. After the health authorities announced the cause of the outbreak on October 6, 1979, new cases in October increased conspicuously in Taichung but not in Changhua, probably because patients in Changhua purchased contaminated rice oil several months earlier than those in Taichung. Most patients in Changhua had developed symptoms and had already shown up at hospitals or local health bureaus at the time of announcement, but quite a number of victims in Taichung were possibly still in the latent period. They would not have known themselves to be PCB victims if C-rice oil had not been detected and announced to be contaminated by PCBs. Therefore, most of the new cases which increased in October 1979 were self-reported victims from Taichung.
Oil samples from Taichung proved to be contaminated with PCBs but all except one oil sample from Changhua were negative for PCBs. In Taichung, the F-H Oil Store was the only store suspected, and the oil samples from both the F-H Oil Store and community sources were collected at the beginning of the outbreak. In Changhua, PCB intoxication occurred mainly in families. They had used up the contaminated rice oil by Table 5 (11)]. The difference is presumably due to the time of sampling, that is, the blood samples of our patients were collected at the early stage of the outbreak in contrast to five years after the outbreak in Japanese Yusho patients. Another factor was the C-rice oil contained larger percentages of PCB molecules with high numbers of chlorines (such as 5, 6, and 7) than the PCBs involved in the Japanese incident (11, 13) . These highly chlorinated PCBs, i.e., penta-, hexa-, and heptachlorobiphenyls, are generally retained in tissues longer than the lower chlorinated PCBs.
Furthermore, C-rice oil was contaminated not only by PCBs but also by polychlorinated dibenzofurans (PCDFs) and polychlorinated quaterphenyls (PCQs) (11, 14, 15) . Masuda et al. indicated (11) that both rice oils, i.e., those from Japan and Taiwan, contained the (Table 8) . Almost half of them died from hepatoma, liver cirrhosis or liver diseases with hepatomegaly (Fig. 4) Table 10 documents the high PCB content of the viscera.
